Aquatic insect communities and salmonid populations were sampled above and below a municipal sewage outfall on the East Gallatin River. Numbers of Trichoptera, Ephemeroptera, Coleoptera, and Plecoptera 0.45 mile (0.72 km) below the sewage outfall were lower than those found above. This reduction was associated with the occurrence of "sewage fungus" (Sphaerotilus sp.) on the bottom. An increase in the number of Diptera was associated with intra-ordinal changes in genera. Volumes of insects in each of these five orders declined, A partial recovery in the insect community was indicated at 3.85 miles (6.19 km) below the sewage outfall by an increase in numbers and volumes of all insects. At 12.65 miles (20.35 km) below the outfall, the number of aquatic insects was more than 13 times that found above. This was attributed to a return to carrying capacity and/or to the "fertilizing" effect of the sewage. Rainbow trout (Salmo gairdneri), brown trout (Salmo trutta), brook trout (Salvelinus fontinalis), and mountain whitefish (Prosbpium williamsoni) were found above the sewage outfall but only rainbow trout were present after complete mixing of the sewage had occurred. Rainbow trout was the most numerous salmonid in the river. Above the outfall, the standing crop of rainbow trout was the same in summer and winter. Below the outfall, a marked drop in the standing crop occurred during winter. This was associated with an increase of free ammonia (N-NH3) in the river.
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ABSTRACT Aquatic insect communities and salmonid populations were sampled above and below a municipal sewage outfall on the East Gallatin River. Numbers of Trichoptera, Ephemeroptera, Coleoptera, and Plecoptera 0.45 mile (0.72 km) below the sewage outfall were lower than those found above. This reduction was associated with the occurrence of "sewage fungus" (Sphaerotilus sp.) on the bottom. An increase in the number of Diptera was associated with intra-ordinal changes in genera. Volumes of insects in each of these five orders declined, A partial recovery'in the insect community was indicated at 3*85 miles (6.19 km) below the sewage outfall by an increase in numbers and volumes of all insects. At 12.65 miles (20.35 km) below the outfall, the number of aquatic insects was more than 13 times that found above. This was attributed to a return to carrying capacity and/or to the "fertilizing" effect of the sewage. Rainbow trout (Salmo gairdneri), brown trout (Salmo trutta), brook trout (Salvelinus fontinalis), and mountain whitefish (Prosbpium williamsoni) were found above the sewage outfall but only rainbow trout were present after complete mixing of the sewage had occurred. Rainbow trout was the most numerous salmonid in the river. Above the outfall, the standing crop of rainbow trout was the same in summer and winter. Below the outfal'l, a marked drop in the standing crop occurred during winter. This was associated with an increase of free ammonia (N-NH) in the river.
INTRODUCTION
Surveys by the Montana Fish and Game Department in 1966 indicated a low standing crop of salmonids with few yearlings in a section of the East Gallatin River below the sewage outfall from the city of Bozeman, Montana. Domestic sewage has been shown to have detrimental effects on the biota of the receiving waters (Katz & Gaufin, 1953; Gaufin3 1958; and Hawkes, 1963 ). The present study was undertaken to determine if the sewage from Bozeman adversely affected the aquatic insect and salmonid populations of this river. Field work was conducted from September, I967, through November, 1968. 
METHODS
Insect Sampling
Five insect sampling stations were established on the East Gallatin River (Fig. l) . Station I served as the "control" and was Q.l4 mile were collected in each riffle with a Surber sampler. These were taken in water between 0.2 and 1.0 ft (6.10 and 30.50 cm) in depth. Material was collected to a depth of about 3 inches (7.62 cm), dried, and put through a series of Tyler soil screens separating it into six size categories.
The volumes of each size category in the two samples from each station were determined by water displacement and the percent of total volume -5-calculated (Table l) . were not included in volumetric measurements.
Nonparametric statistical analysis was applied to the number .of aquatic insects sampled from the East Gallatin River. The Friedman test (Kraft & van Eeden, 1968 ) was used to determine if differences in the mean number of insects in each order existed at the five stations. A nonparametric multiple comparison procedure (Miller-, 1966) was applied to determine which pairs of stations were most likely different.
Physical-Chemical Sampling
Physical and chemical data were collected at each insect sampling station on the East Gallatin River on each sampling date. Water temper atures were taken with a Taylor pocket thermometer and flows were calculated from measurements made with a Gurley current meter at 2 ft (0.6 m) intervals on a transect across the river. Water temperatures and flow measurements also were taken of Bridger Creek and the sewage outfall on each date insect samples were collected. Discharge measure ments of the sewage were obtained from the Bozeman Sewage Treatment Plant.
Two 300 ml water samples were collected at each statiqn on the East Gallatin River on each insect sampling date. One sample was "fixed" Lengths were determined with a map measurer and average widths computed from 30 measurements taken every 0.5 inch (l.27 cm). The numbers and pounds per acre of rainbow trout in each section were determined.
RESULTS' Commimity Composition
Numbers and volumes of aquatic insects/3 ft (0.9 m ) collected at stations on the East Gallatin River are presented in Table II ., Tri-.' choptera, Ephemeroptera, and Diptera together comprised 96% of the total number and 91$ of the total volume of all aquatic insects collected.
Trichoptera, Ephemeroptera, and Diptera accounted for 24, 33, and 39$ of < the total number and 35, l4, and 42$ of the total volume, respectively.
Plecoptera and Coleoptera together comprised only 4$ of the tqtal number and 9$ of the total volume of all aquatic insects. Coleoptera accounted for less than 0.5$ of the totals in both categories.
Numbers and volumes of aquatic insects/3 ft (0.9 m } collected from
Rocky, Bozeman, and Bridger Creeks are presented in Table' -III. Tri choptera, Ephemeroptera, and Diptera together comprised 92$ of the total number and 85$ of the total volume of all aquatic insects collected.
Trichoptera, Ephemeroptera, and Diptera comprised 26, 33, and 33$ of the total number and 21, 20, and 44$ of the total volume, respectively.
Plecoptera and Coleoptera together comprised 8$ of the total number and 15$ of the total volume of all aquatic insects. Coleoptera accounted for 3 and 2$, respectively, of the total number and volume.
Eighteen families and 27 genera of ..aquatic, insects, were identified .
from samples taken from the East Gallatin River) in March and September, 1968 (Table IV) . Numerically, the dominant taxa within each order were:
Cheumatopsyche (Trichoptera); Baetis and Ephemerella (Ephemeroptera); Isoperla (Plecoptera); Optioservus (Coleoptera); and Diamesinae (Diptera).
Volumetrically, the same taxa appeared to be dominant with the exceptions that Pteronarcella (Plecoptera) and Tipula and Atherix (Diptera) also were important within their respective orders.
Community Dynamics
Total numbers and volumes of aquatic insects collected during the study from the East Gallatin River are shown graphically in Figure 2 . Within each order, the mean number of insects at stations on the East Gallatin River were significantly different at the 5$ level (Table V) . The station pairs most likely responsible for these differences are shown in Table VI . The first member of each significantly different pair is the station exhibiting the higher mean number of insects.
TABLE VI= Station pairs exhibiting significant mean differences in numbers of insects at the '5% level. (Table III) Discharge measurements of the East Gallatin River taken in September, October, and November, 1968, averaged 28% greater than in the same period of 1967 (Table VII) . During the same time intervals, Bridger Creek showed a similar discharge. Bridger Creek contributed from 17 to 44% of the total East Gallatin flow below its confluence. 
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Other physical-chemical characteristics of the East Gallatin River are shown in Table VIII . Chloride concentration doubled between stations I and 2 and remained higher than above the sewage outfall. No marked differences were apparent in other characteristics measured above and below the sewage outfall.
Salmonid Populations
Rainbow trout was the most numerous salmonid found in the study area.
Estimated numbers and pounds per acre in section A were lower than in section B during summer sampling periods but higher during winter sampling periods (Table IX) . A total of I48 brown trout, brook trout and mountain whitefish also were collected during the four sampling periods. Of these, 127 (86$) were found in section A and 21 (l4$) in section B. In section. B, these fish were always found in the area immediately below the outfall where complete mixing had not occurred.
DISCUSSION
Numbers of .Trichoptera3 Ephemeroptera3 and Plecoptera larvae are often drastically reduced with Diptera larvae and other organisms showing dramatic increases immediately below sources of organic pollution (Gaufin & Tarzwell3 1952; and Gaufin3 1958) .. Similar results were found in this study in both numbers and volumes. At station 2, immediately below the sewage outfall, Trichoptera3 Ephemeroptera3 Plecoptera3 and Coleoptera larvae were reduced t o .-5J-IT5 S5 and l4% of their respective numbers and 3j l4, 5j and 5% of their respective volumes found, at station I above the outfall. Diptera number more than doubled, at station 2 while volume 'de creased., to less than half that at station I. The high number of Diptera resulted from an increase in Diamesinae larvae and the low volume was due to a reduction in the. number' of. large Diptera"
Although there were considerable differences in the number of insects in each order collected at station I and 2, there Were no statistical differences in the mean numbers of insects.at-these stations.except in ,
Coleoptera. This was due to the relatively .low. number of insects in each order ■ at station I. .Bozeman Creek was known, to., receive intermittent most responsible for community changes in aquatic insects below sources of organic pollution (Gaufin & Tarzwell, 1955 and 1956 ). Low dissolved oxygen was not believed to be responsible for the community changes between stations I and 2 in this study. The minimum dissolved oxygen recorded was 8.1 ppm. and 24 hour dissolved oxygens (. Soltero, 1968) in late August, 1967, never fell below 5-0 ppm. "Sewage fungus", however, covered the river bottom at station 2 and was found growing on most aquatic insect larvae present (Fig. 3) .
The aquatic insect community seemed to show partial recovery at station 3. Numbers and volumes of insects in all orders were greater than those at station 2. Increases in the two more sensitive orders, Trichoptera and Plecoptera, were not proportionately as great as those in the other three.
Numbers and volumes of insects in all orders except Coleoptera were greater at downstream stations 4 and 5-The mean numbers of Trichoptera and Plecoptera at station 5 were statistically greater than their res pective means at station 3. These increases may reflect a return toward a natural carrying capacity and/or show the result of enrichment due to bacterial decomposition of the sewage. Brinley (1949) referred to the latter as the "fertilizing" effect of domestic sewage.
The standing crop of rainbow trout and the species diversity of salmonids in the East Gallatin River were different in sections A and B.
The standing crop of rainbow trout above the sewage outfall (section A) was essentially constant during both summer and winter. Below the outfall in the sewage and less dilution.when the river was at its seasonal low.
Free ammonia measured in section B averaged 0.04 ppm from 20 June through 12 September 1967 (Soltero, 1968) 9 and 0.19 ppm from 11 November through 10 March 1968-69 (Bahls9 unpublished data). Burrows (1964) found that 0.10 ppm NH^OH (0.04 ppm free ammonia) produced hyperplasia of gill epithelium and a decrease in stamina and disease resistance in fingerling chinook saliqon (Oncorhynchus tshawytscha). Since winter concentrations during this study were well above this level9 it may have caused emmigration or death of rainbow trout in section B.
Brown trout9 brook trout., and mountain whitefish were found above the sewage outfall but were absent below after complete mixing of the sewage had occurred. Reduction in the species diversity of warm-water fish has been reported below sources of organic pollution (Katz & Gaufin9 1953 ).
